A Gram-staining-negative, facultatively aerobic bacterium, strain XCD-X85
The genus Pseudomonas was proposed by Migula (1894) and has been reclassified several times (Anzai et al., 2000; Oyaizu & Komagata, 1983; Palleroni 1984; Sneath et al., 1981; Vancanneyt et al., 1996; Yang et al., 2013) . This group is metabolically diverse (Moore et al., 1996; Palleroni, 2005) , and contains about 200 species with validly published names at the time of writing. Members of the genus Pseudomonas have been characterized as Gram-staining-negative, rod-shaped, motile by means of one or several polar flagella or peritrichous flagella, and containing Q-9 as the major respiratory quinone. The DNA G+C content is 58-69 mol% (Palleroni, 2005) . Mulet et al. (2010) classified the genus Pseudomonas into two main lineages, the Pseudomonas aeruginosa lineage and the Pseudomonas fluorescens lineage, based on partial sequences of four core housekeeping genes (16S rRNA, gyrB, rpoB and rpoD) of the type strains of 107 species of the genus Pseudomonas. In addition, the Pseudomonas oryzihabitans group (two species) and the three independent type strains of Pseudomonas luteola, Pseudomonas pachastrellae and Pseudomonas pertucinogena are phylogenetically distant from both lineages (Mulet et al., 2010) . Recently, seven novel species of the genus Pseudomonas related to P. pertucinogena have been proposed: Pseudomonas xiamenensis (Lai & Shao, 2008) , P. pelagia (Hwang et al., 2009) , P. sabulinigri , P. xinjiangensis (Liu et al., 2009) , P. bauzanensis (Zhang et al., 2011) , P. litoralis (Pascual et al., 2012) and P. formosensis (Lin et al., 2013) . During a study of the bacterial diversity of Xiaochaidan Lake in Qinghai province, China, strain XCD-X85
T affiliated with the P. pertucinogena group was isolated; here we determined its taxonomic position using a polyphasic approach.
A water sample was collected from Xiaochaidan Lake [378 289 530 N 958 309 190 E; salinity 9.9 % (w/v) T could also grow well in LB (2 %, w/v, NaCl), marine broth 2216 (MB; Difco), trypticase soy broth (TSB; Bacto) and on trypticase soy agar (TSA; Bacto). The strain was preserved in TSB supplemented with 20 % (v/v) glycerol at 280 8C.
Genomic DNA was extracted by using a bacterial genomic kit (D3350-1, Omega Bio-Tek). The 16S rRNA gene of strain XCD-X85
T was amplified with primers 27F and 1492R (Weisburg et al., 1991) and cloned into the pEASY-T1 vector and sequenced by Sinogenomax, China. The almost-complete 16S rRNA gene sequence (1495 nt) was obtained and compared with available sequences in the GenBank database using the BLAST program (Altschul et al., 1990) at NCBI (http://www.ncbi.nlm.nih.gov) and also on the EzTaxon-e server (http://eztaxon-e.ezbiocloud. net/) by using identity analysis (Kim et al., 2012) . The 16S rRNA gene sequences of strain XCD-X85
T and closely related taxa were aligned by using the CLUSTAL X program 2.0 (Larkin et al., 2007) . A neighbour-joining tree (Saitou & Nei, 1987) , maximum-parsimony tree (Fitch, 1971) and maximum-likelihood tree (Felsenstein, 1981) were reconstructed using the MEGA program version 5 (Tamura et al., 2011) . Bootstrap values were calculated on the basis of 1000 replications, evolutionary distances were calculated by Kimura's two-parameter model (Kimura, 1983) and the gaps/ missing data treatment option chosen was pairwise-deletion.
The neighbour-joining phylogenetic tree based on 16S rRNA gene sequences is shown in Fig. 1 . Strain XCD-X85
T was closely related to species of the genus Pseudomonas, and most closely related to the P. pertucinogena group, which was classified by Anzai et al. (2000) and Mulet et al. (2010) . Strain XCD-X85
T , together with P. pelagia CL-AP6 T , formed a robust cluster within the P. pertucinogena group, and strain XCD-X85
T showed highest 16S rRNA gene sequence similarity to P. pelagia CL-AP6 T (99.0 %), P. bauzanensis BZ93 T (96.8 %), P. sabulinigri J64 T (96.7 %) and P. xinjiangensis S3-3 T (96.6 %), and ,96.5 % to members of other species of the genus Pseudomonas. The topologies of the maximum-parsimony and maximum-likelihood trees were almost the same as that of the neighbour-joining tree (Fig. 1) . Phylogenetic analyses based on 16S rRNA gene sequence clearly suggested that strain XCD-X85
T is a member of the P. pertucinogena group within the genus Pseudomonas. . Cells for all analysis were obtained after cultivation on TSA or in TSB at 30 8C for 48 h unless otherwise stated.
Cell morphology and flagellation were observed by optical microscopy (BH-2, Olympus) and transmission electron microscopy (H-600, Hitachi) after negative staining with 1 % (w/v) phosphotungstic acid. The Gram reaction was performed according to Gerhardt et al. (1994) . Growth at 0, 4, 10, 15, 20, 25, 30, 35 and 40 8C was measured in TSB. Growth at pH 5.0-11.0 (at intervals of 0.5 pH units) was determined in LB broth supplemented with 2 % (w/v) NaCl at 30 8C using three different buffers (final concentration, 50 mM): sodium acetate buffer (for pH 5.0-5.5), sodium phosphate buffer (for pH 6.0-8.0) and sodium carbonate buffer (for pH 8.5-11.0). Tolerance to NaCl was examined in LB broth with addition of 0-13.0 % NaCl (w/v, at intervals of 0.5 %).
The requirement for oxygen was tested in an anaerobic system (Anaero-Gen, Oxoid). Production of hydrogen sulfide was assessed with lead acetate paper. Catalase and oxidase activities, and hydrolysis of casein, starch and Tweens 20, 40, 60 and 80 were determined according to the methods of Dong & Cai (2001) . Utilization of organic compounds (0.5 %, w/v) as sole carbon and energy sources was tested according to the method of Dong & Cai (2001) with modified artificial seawater (ASW) instead of distilled water; 0.01 % (w/v) yeast extract was added as a supplement. The modified ASW contained (per litre distilled water): 24.0 g NaCl, 5.1 g MgCl 2 , 4 g Na 2 SO 4 , 1.1 g CaCl 2 , 0.7 g KCl, 0.2 g NaHCO 3 , 0.1 g KBr, 0.027 g H 3 BO 3 , 0.024 g SrCl 2 and 0.003 g NaF, as described by Eguchi et al. (1996) . Susceptibility to antibiotics was determined by the disc diffusion method using filter-paper discs (Beijing Pharmaceutical) which contained various antibiotics as specified below. Growth inhibition effects were observed and estimated according to the methods of Nokhal & Schlegel (1983) after incubation on TSA for 2 days at 30 8C. Additionally, API ZYM and API 20NE systems (bioMérieux) were used for tests of enzyme activities and other physiological and biochemical traits according to the manufacturer's instructions, except that the API AUX medium used for API 20NE system test was supplemented with 2 % (w/v) NaCl.
Colonies of strain XCD-X85
T were 0.8-1.5 mm in diameter, smooth, non-pigmented and transparent after cultivation on MA (pH 7.5) at 30 8C for 4 days. Cells of strain XCD-X85
T were Gram-staining-negative, non-endospore-forming rods, 0.4-0.6 mm wide and 1.0-1.6 mm long, and motile by means of a single polar flagellum (Fig. S1 , available in the online Supplementary Material). Strain XCD-X85
T was facultatively aerobic, catalase-and oxidase-positive, and able to grow in LB without the addition of NaCl and in the presence of NaCl up to 12.0 % (w/v; optimum, 1.0-2.0 %), at 4-35 8C (optimum, 25-30 8C) in TSB and at pH 6.5-10.5 (optimum, pH 8.0-8.5) in LB supplemented with 2 % (w/v) NaCl at 30 8C. No growth occurred at 0 or 40 8C, pH 6.0 or 11.0, or in the presence of 12.5 % (w/v) NaCl. Additional morphological, physiological and biochemical characteristics are given in Table 1 as well as in the species description. Almost all the results obtained in this study for the reference type strains were consistent with those originally described (Hwang et al., 2009; Lai & Shao, 2008 Biomass for chemotaxonomic analyses was obtained by culturing on TSA or in TSB at 30 8C for 2 days to late exponential phase. Genomic DNA was extracted by using a bacterial genomic kit (D3350-1, Omega Bio-Tek). The DNA base composition was determined by the thermal denaturation method (Marmur & Doty, 1962) , with DNA of Escherichia coli K-12 as a reference. Isoprenoid quinones were extracted from freeze-dried biomass and purified according to the method of Collins (1985) and analysed by HPLC (Wu et al., 1989) , with known ubiquinones extracted from the reference strains. Cellular fatty acids were analysed using the standard MIDI Sherlock Microbial Identification System (version 6.0), and peaks were identified on an Agilent 6890N Network GC
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system using the TSBA6 peak-naming T and P. xiamenensis CGMCC 1.6446 T were extracted using a chloroform/methanol system and identified using two-dimensional TLC, as described by Kates (1986) . Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used in the TLC analysis.
The DNA G+C content of strain XCD-X85 T was 57.4 mol% (T m ). The major respiratory quinone was Q-9, consistent with other species of the genus Pseudomonas (Palleroni, 2005) . The fatty acid profiles of strain XCD-X85
T and the four reference type strains are shown in Table  S1 . The cellular fatty acid profiles obtained in this study for the reference strains were similar to those originally reported (Hwang et al., 2009; Lai & Shao, 2008; Liu et al., 2009; Zhang et al., 2011) and reported in other publications (Lin et al., 2013; Pascual et al., 2012) in terms of major fatty acids. All these strains contained summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) as major fatty acids, although in different proportions, which might be due to the different culture conditions. Strain XCD-X85
T had a fatty acid profile similar to those of the type strains of closely related species of the genus Pseudomonas under the same cultivation conditions (Table S1 ). The major fatty acids of strain XCD-X85
T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c, 29.3 %), C 12 : 0 (14.8 %), C 16 : 0 (14.6 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c, 13.8 %). Strain XCD-X85
T could be differentiated from P. pelagia JCM 15562
T by the major fatty acid of C 12 : 0 and by the absence of iso-C 16 : 0 . A significant amount of summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) was in strain XCD-X85
T , but not in either P. bauzanensis CGMCC 1.9095 T or P. xiamenensis CGMCC 1.6446 T ; in contrast, C 17 : 0 cyclo and C 19 : 0 cyclo v8c were major fatty acids in these two reference strains, but not in Zhang et al. (2011); c, Lai & Shao (2008); d, Liu, et al. (2009); e, Lin et al. (2013) .
In addition to phylogenetic and biochemical data, strain XCD-X85 T also showed some important properties, which are in agreement with those reported for the genus Pseudomonas, such as being oxidase-and catalase-positive, motile by a polar flagellum, containing summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) as the major fatty acid and Q-9 as the major respiratory quinone, further indicating that it is a member of the genus Pseudomonas. However, strain XCD-X85 T could be differentiated from known members of the genus Pseudomonas by the ranges of NaCl concentration, pH and temperature for growth, nitrate reduction, activities of some enzymes, assimilation of some carbon substrates and DNA G+C content (Table 1 ).
Combining the above phenotypic, chemotaxonomic and genotypic results, it is concluded that strain XCD-X85 T represents a novel species of the genus Pseudomonas, for which the name Pseudomonas salina sp. nov. is proposed.
Description of Pseudomonas salina sp. nov
Pseudomonas salina (sa.li9na. L. fem. adj. salina salty).
Cells are Gram-staining-negative, non-endospore-forming, rod-shaped, motile by means of a single polar flagellum, 0.4-0.6 mm wide and 1.0-1.6 mm long. Colonies are 0.8-1.5 mm in diameter, smooth, non-pigmented and transparent after cultivation on MA (pH 7.5) at 30 uC for 4 days. Growth occurs at 4-35 uC (optimum, 25-30 uC) in TSB, at pH 6.5-10.5 (optimum, pH 8.0-8.5) in LB broth supplemented with 2% (w/v) NaCl, in the presence of up to 12.0% (w/v) NaCl (optimum, 1.0-2.0%) and in LB without addition of NaCl. Facultatively aerobic, oxidase-and catalase-positive. Positive for nitrate reduction and hydrolysis of Tweens 20, 40, 60 and 80. Negative for nitrite reduction, D-glucose fermentation, b-galactosidase, H 2 S and indole production and hydrolysis of urea, L-tyrosine, casein, L-arginine, gelatin, aesculin and starch. Utilizes adipic acid, D-galactose, pyruvate, glutamate, citrate, succinate and L-cysteine as sole carbon and energy sources; does not utilize L-arabinose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, malic acid, phenylacetic acid, D-glucose, sucrose, maltose, D-fructose, D-xylose, Dmannose, trehalose, lactose, D-sorbitol, methanol, glycine or L-lysine as sole carbon and energy sources. Positive for esterase (C4), esterase lipase (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase; negative for alkaline phosphatase, acid phosphatase, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, agalactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. The major fatty acids are C 12 : 0 , iso-C 16 : 0 , summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The major respiratory quinone is Q-9. The polar lipid profile consists of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and some unknown lipids including a phospholipid, an aminophospholipid, two aminolipids and three uncharacterized polar lipids.
The type strain is XCD-X85 T (5CGMCC 1.12482 T 5JCM 19469 T ), isolated from a surface water sample of Xiaochaidan Lake in Qaidam basin, Qinghai province, China. The DNA G+C content of the type strain is 57.4 mol% (T m ).
